We report the use of ultrasound-guided axillary brachial plexus block in a child with dystrophic epidermolysis bullosa needing surgical treatment of the right hand. The regional anaesthesia was used in association with sedation/ anaesthesia. This technique is suitable for these difficult patients because it can minimise the risk of new bullae formation due to palpation of landmarks or unintentional intra-or subcutaneous injections. Initial anaesthesia/ sedation was provided with sevoflurane until intravenous access was obtained, following which intravenous propofol infusion with ketamine boluses without any invasive airway management was continued for performance of the block and the procedure. This management plan provided good surgical conditions, early postoperative analgesia, minimised stress for the patient and avoided the need to manipulate the airway with instruments and the associated risk of mucosal bullae.
Epidermolysis bullosa (EB) is a group of rare, genetically determined mechanobullous disorders. The anaesthetic management of patients suffering from EB represents a challenge for the anaesthetist.
Handling of the patient can result in significant discomfort, pain and morbidity since the disease is characterised by excessive susceptibility of the skin and mucosa to separate from the underlying tissues after minimal mechanical trauma with consequent formation of bullae and open, poorly healing wounds. These bullae expand along the natural tissue planes and can be extremely painful. Repeated trauma leads to infection and subsequent healing that may result in scarring and deformity. Patients with epidermolysis bullosa may be in poor general condition with failure to thrive, anaemia and feeding difficulties. More than 30 phenotypically distinct clinical subtypes of EB are known. Since they require specific and individual considerations and careful planning of anaesthesia, the anaesthestist should be familiar with the key features of the patient's exact form of EB. A brief summary of the classification and clinical manifestations of the main types of EB [1] [2] [3] [4] is provided in the discussion below.
Anaesthesia for patients with EB, especially dystrophic EB (DEB), is challenging. One has to keep in mind that particularly friction and shearing forces, not direct pressure, separate the layers of the skin and consequently cause new bullae and wound formation. This necessitates the careful planning of any patient handling and transfer and alerting all staff to the risk of applying any shearing forces to the skin. Patients suffering from DEB frequently present airway management problems such as difficult intubation secondary to contracture formation and microstomia. Dystrophic changes in the skin of the hands and feet can complicate venous access and special care must be taken to avoid new bullae as a result of bedding, monitoring and airway manipulation. However, anaesthesia is frequently required for procedures such as surgery for pseudosyndactyly, change of dressing and oesophagoscopy and dilatation 1 .
CASE HISTORY
An 11-year-old boy (19 kg/122 cm) diagnosed with generalised recessive DEB was admitted to our hospital for elective surgery for pseudosyndactyly of the second to fifth fingers of the right hand. He had a history of oral, pharyngeal and oesophageal blistering, occasional ulcer formation and poor dentition; consequently, his mandibular movement was restricted to a mouth-opening of about 2 cm. Other complications needing surgical treatment, such as oesophageal strictures or skin problems of the feet, were not present. He did not have a history of previous surgical interventions of the upper extremities. A nurse, familiar with EB patients, provided the family and the involved medical staff with information about material suitable for dressing and perioperative handling.
After intensive discussion and approval of the patient and his parents, we chose to provide anaesthesia with an ultrasound-guided axillary plexus block in combination with intravenous sedation/ anaesthesia. Prior to the intervention, the planning of the procedure and special considerations like bedding were intensively discussed amongst the entire team (anaesthesia staff and nurses, surgeon, theatre staff and nurses).
Midazolam 5 mg (Dormicum ® , Roche, Germany) was given orally 30 minutes prior to anaesthesia and lignocaine/prilocaine eutectic mixture (EMLA ® , AstraZeneca, Germany) was administered to the anterior aspect of the left elbow. In the operating room, the patient was bedded on a foam mattress, all pressure points were cushioned and no adhesive tape of any kind was used. A low adherent foam dressing, which is atraumatic to the wound and surrounding skin upon removal (Mepilex ® , Mölnlycke Health Care, Germany), was used to protect the skin at the pressure marks from the clip probe for pulse oximetry. For this purpose, Mepilex ® was cut into pieces fitting the individual anatomy. To secure electrodes, a window was cut out of a layer of Mepilex ® and the layer was then placed in between the skin and the adhesive surface of the electrodes. Hence contact with the skin was provided without direct contact between skin and adhesive pad. The blood pressure cuff placed on the left upper arm was cushioned using cotton padding.
For initial anaesthesia, 4% sevoflurane (Sevorane ® , Abbott, Germany) in oxygen was administered via a lubricated (Instillagel ® , Farco-Pharma, Cologne, Germany) mask to facilitate painless securing of an intravenous line in the left cubital fossa. The cannula was carefully cushioned with a layer of Mepilex ® preventing direct contact between cannula and skin and fixed with a low adherent wound contact layer (Mepitel ® , Mölnlycke Health Care, Germany) wrapped around the cannula and arm.
This provided a safe fixation without the risk of damage upon removal. Once the intravenous cannula was secured, administration of sevoflurane was stopped and sedation was maintained with continuous intravenous administration of propofol (Disoprivan ® 1%, AstraZeneca, Germany) at 1.5 mg/kg/hour and bolus injections of ketamine (Ketamin ® , DeltaSelect, Germany) 20 mg every 10 to 20 minutes prior to expected painful or uncomfortable manipulations. Oxygen was supplied continuously via a facemask, cushioned with Mepilex ® at the edges and fixed with an elastic band around the head. This approach provided suitable operating conditions and minimum patient stress with noninvasive management of the airway. The patient was unconscious but breathing spontaneously. Pulse oximetry showed an oxygen saturation of 100% and the patient was not rousable.
Axillary block was performed by an ultrasoundguided method as previously described 5 . Briefly, the skin of the axilla was disinfected with an octenidine hydrochloride spray (Octenisept ® , Schülke & Mayr, Germany) and patted dry, paying careful attention not to rub the skin. Alcohol-containing fluids were avoided because of open wound surfaces. The axillary plexus was imaged using a SonoSite S-Nerve ® ultrasound device (Erlangen, Germany). The axillary artery and the ulnar, median, radial and musculocutaneous nerves were identified. Care was taken to place the ultrasound probe gently onto the skin avoiding movement or friction, with lubrication provided by a sterile topical anaesthetic and disinfectant gel (Instillagel ® , Farco-Pharma, Collogne, Germany, containing chlorhexidine and lignocaine). Under direct sonographic guidance, a 24 gauge SonoPlex NanoLine needle (Pajunk ® , Geisingen, Germany) was inserted and directed to the ulnar, median, radial and musculocutaneus nerve, respectively. After the identification of each nerve, 3 ml mepivacaine 1% (Scandicain ® , AstraZeneca, Germany) and 2 ml bupivacaine 0.18% (Carbostesin ® , AstraZeneca, Germany) were injected around each nerve until it was completely surrounded.
Ten minutes after performing the block, the patient was brought into the operating room and surgery was performed. During surgery, deep sedation/ anaesthesia was maintained with continuous administration of propofol 2.5 mg/kg/hour and empirically administered boluses of ketamine 5 mg every 15 minutes. In the presence of trained anaesthesiology staff and with careful monitoring of vital signs, unconsciousness was acceptable and no attempt to rouse the patient was made. We preferred to combine the regional anaesthesia with deep sedation/general anaesthesia rather than lighter planes of sedation to minimise stress for this paediatric patient and to avoid any movement during the surgery.
This combination of regional and general anaesthesia avoided invasive airway management. The patient was unconscious, not responding to surgical stimuli (the regional block was effective) but still breathing spontaneously with a haemoglobin oxygen saturation of 100%. He remained normotensive with no tachycardia or movements indicating any sign of pain or discomfort. The anaesthesia staff (nurse and physician) continuously monitored the patient. More invasive airway management was immediately available although not required.
At the end of surgery, intravenous sedation was ceased and the patient recovered within minutes without any sign of distress. He was brought to the recovery room immediately and was transferred to the ward 30 minutes later. There were no new bullae around the site of the axillary block, nor anywhere else.
Follow-up revealed no complications. The patient complained of postoperative pain after six hours, which was satisfactorily treated with paracetamol (Paracetamol STADA ® , STADApharm, Germany) 500 mg orally four times a day.
DISCUSSION
We present an approach for performing anaesthesia for hand and arm surgery in paediatric patients suffering from DEB using ultrasoundguided axillary plexus block and deep sedation/ anaesthesia with non-invasive management of the airway. Because there is such a wide range of types and manifestations of EB, it is important for the anaesthetist to understand the details of a particular patient's condition. Particular attention should be paid to the likelihood of involvement of the mucosa of the oropharynx and airway as squamous mucosa may be involved as well as the squamous epithelium of the skin and this may influence airway management planning.
Recently, the classification of EB has been revised with now four major subtypes: epidermolytic EB (EB simplex [EBS]), lucidolytic EB (junctional EB [JEB]), mixed EB (Kindler syndrome) and dermolytic EB (DEB), based on distinguishing ultrastructural sites of blister formation [1] [2] [3] [4] .
EBS can be subdivided into three major subtypes: localised EBS, Dowling-Meara EBS and EBS other generalised (non-Dowling-Meara). Localised EBS has an early onset in childhood with the blisters involving mainly hands and feet and sometimes healing with hyperkeratosis. The oral cavity and airways are usually affected only in the perinatal period. Dowling-Meara EBS has an onset in the perinatal period; the rate of new blister formation slows down with age. The skin distribution of the blisters is frequently generalised, but may be herpetiform. Keratoderma development on the palms and soles is a characteristic feature of the disease. Oral involvement is usually not prominent. EBS, other generalised (non-Dowling-Meara, formally EBS Koebner) is usually present at birth, the blisters are generalised in distribution with emphasis on hands and feet. Extracutaneous manifestations include dystrophic nails. Involvement of the oral cavity is rare: life expectancy is usually not limited.
JEB includes three major subtypes: Herlitz, non-Herlitz generalised and non-Herlitz localised. The Herlitz type is most common and affects the larynx in infancy, resulting in a characteristic hoarse cry. This hoarseness is usually followed by stridor with the potential risk of fatal asphyxia. Death in the first two years of life is common in Herlitz JEB. The non-Herlitz generalised subtype has a similar clinical course to the Herlitz subtype but with gradual decrease in the development of new blisters. The non-Herlitz localised JEB subtype shows localised blisters, atrophic scarring is normally absent. Life expectancy is not limited.
The Kindler syndrome clinically mimics severe subtypes of EB, including Herlitz JEB or DEB, in the neonatal period; however, in later life it appears alike to non-Herlitz JEB. Since, different from all other mechanobullous diseases, in Kindler syndrome there are typically multiple cleavage planes (intraepidermal, junctional or sublamina densa) within affected skin, its classification within any of the main types of EB is precluded. The onset of Kindler syndrome is in the perinatal period, with blisters dominantly acral. Together with other symptoms such as poikiloderma and photosensitivity, Kindler syndrome can be distinguished from all other known forms of EB. Life expectancy can be normal, although epithelial carcinoma may occur.
DEB is the most frequent type of EB, frequently needing surgical treatment. The prevalence is about 2 in 100,000 births 1 . It has an early onset in the perinatal period. DEB can be subclassified as dominant DEB, recessive DEB generalised and recessive DEB generalised others. The clinical manifestations vary in all subtypes, especially as the dominant DEB can have a mild phenotype. Blisters are characteristically flaccid and filled with clear or blood-stained fluid. These blisters heal with atrophic scars and patients consequently develop contractures. Oral, pharyngeal and oesophageal blistering is common in DEB leading to progressive contraction of the mouth. Cutaneous scarring causes joint contractures and fusion of fingers and toes (pseudosyndactyly). As a late complication the formation of epitheliomas, especially squamous cell carcinomas, occurs. Squamous cell carcinomas is the major cause of death in patients with DEB surviving into adulthood.
Management of patients with most types of EB is one of a 'no touch' technique, as any manipulation may lead to new blistering. However, direct pressure to the skin is not as damaging as frictional or shearing forces 1 . With these characteristics, the perioperative anaesthetic management of patients with EB is challenging. All staff involved in the case have to be advised that no shearing forces are to be applied to the patient. Use of adhesive tape is forbidden. Movement of the patient is reduced to a minimum and all pressure points are cushioned. All transfers and positional changes of the patient should be done by moving the sheet under the patient rather than moving the patient. Where possible, the patient should position himself on the operating table before and after surgery. A careful interview of the patient and the usual caregivers provides information about the individual history, personal habits, specific assistive technology and dressings that have been tested, worked well during previous procedures and are preferred in the specific case. Since patients frequently require repeat procedures, it is important to carefully record the details of all procedures and techniques to facilitate future procedure planning.
The use of the low adhesive foam to pad and secure cannulae was successful in preventing bullae formation in our patient. We prefer this technique to other solutions. Alternative approaches include the use of a dressing that does not adhere to skin but clings to itself (eg Coban™ 3M), allowing wrapping of a padded item to the skin without problems with adherence to the skin. Another approach is to use regular adhesive tape which is allowed to 'fall off' slowly over days. Catheters secured with this tape are removed by incising the tape without removing the tape.
General anaesthesia in patients with EB is difficult, especially when restricted mouth-opening is combined with intraoral scarring. Performing artificial ventilation whether by facemask, laryngeal mask or endotracheal tube can be demanding, traumatic and dangerous. Intraoral manipulations and struggling during emergence from general anaesthesia may cause bleeding and painful blistering and consequently aggravate scarring 1 . In a retrospective study, James and Wark reported an incidence of three cases of intraoral bulla formation in patients suffering from EB attributable to intubation in 113 oral and 18 nasal intubations, no postoperative complications were observed 6 . Nevertheless, the authors recommended avoiding unnecessary airway intervention and favoured regional techniques. Providing safe analgesia and anaesthesia, with minimum distress for a paediatric patient perioperatively while also avoiding the necessity for airway manipulation is challenging. Regional anaesthesia in combination with sedation can achieve this goal.
Infiltration of the skin with local anaesthetics can trigger bulla formation and skin sloughing and should thus be avoided in EB 1, 7 . Similarly, regional nerve blocks might induce formation of bullae at the access points 1 . This may be of special relevance in children since tissues are displaced by the injected fluids and the tip of the injection needle might move into subcutaneous tissues with consequent dermal infiltration and blister formation even when a nerve-stimulator guided placement of the needle appeared successful. Despite these concerns, there are reports of successful local infiltration in patients with DEB without any complications 8 . We believe that ultrasound-guided regional techniques largely eliminate the risk of unintentional intra-or subcutaneous injections. When the tip of the needle is directly visualised during the whole procedure, the injection of fluid happens under continuous control and unintentional dermal injections are unlikely. Moreover, no palpation for landmarks is necessary as in other techniques for regional anaesthesia. In EB, those landmarks might be difficult to identify without ultrasound because of blisters, scars or sclerotic tissue.
The use of regional anaesthesia in children appears to be increasing 9 . For brachial plexus block in children, the axillary approach is most often used 10 . Besides failure of the block 11 , peripheral nerve blocks have a very low incidence of complications almost never resulting in permanent disability 12,13 . Regional techniques are commonly performed under sedation in paediatric patients theoretically increasing the risk of intraneural injection of neurotoxic local anaesthetics 14 . Ultrasound-guided peripheral nerve blocks should minimise or eliminate the risk of intraneural injection of local anaesthetics but data supporting this contention is scarce [15] [16] [17] .
Ultrasound guidance of nerve blocks has a number of potential advantages over nerve stimulation techniques, especially in children. Nerve stimulation produces muscle contractions and sensory stimulation which may not be well tolerated in the awake child and the risk of intraneural injection is significant if the child is anaesthetised. Recent comparisons between ultrasound and nerve stimulation techniques in children indicate advantages for the ultrasound method in terms of improved efficacy, patient comfort, longer sensory block durations and reduced complications [17] [18] [19] .
Despite the positive aspects of regional anaesthesia, children with EB have not been traditionally considered for regional anaesthesia for fear of provoking bullae, although this fear is not supported by data when modern methods are utilised [20] [21] [22] . For our patient with DEB, we assessed the risks of general anaesthesia necessitating airway manipulation in a patient with a potentially difficult airway to be greater than the very low risk of complications of the ultrasound-guided peripheral regional anaesthesia in combination with sedation/anaesthesia with spontaneous ventilation and no invasive airway device. For sedation we chose a regimen of propofol infusion plus ketamine as it provides satisfactory sedation and analgesia with lower doses of the respective medications as compared to propofol alone. Ketamine is especially beneficial in those settings where spontaneous breathing is preferred and airway manipulation has to be avoided 23 .
EB is a serious and debilitating group of diseases. With careful preparation and precautions, anaesthesia and pain management can be provided safely with minimum complications. Ultrasound-guided regional nerve blockade in combination with propofol and ketamine sedation provided a safe and effective approach for our paediatric patient with EB and should be considered when patients with EB require surgery of the extremities.
